Trace elements and their isotopes are being actively studied as powerful 12 tracers in the modern ocean and as proxies for the palaeocean. Although 13 distributions and fractionations have been reported for stable isotopes of dissolved 14 Fe, Cu, Zn, and Cd in the ocean, the data remain limited and only preliminary 15 explanations have been given. Copper is of great interest because it is either 16 essential or toxic to organisms and because its distribution reflects both biological 17 recycling and scavenging. Here, we present new data of isotopic compositions of 18 dissolved Cu (δ 65 Cu) in seawater and rainwater. The Cu isotopic composition in 19 surface seawater is explained by the mixing of rain, river, and deep water. In deep 20 seawater, δ 65 Cu becomes heavier along oceanic circulation because of preferential 21 scavenging of the lighter isotope ( 63 Cu). Additionally, we constrain the marine 22 biogeochemical cycling of Cu using a new box model based on Cu concentration 23 and δ 65 Cu. 24 25
However, δ 65 Cu does not change uniformly with respect to the Cu concentration from 120 the surface to the intermediate layer ( Fig. 2 and Supplementary Fig. 1 ), and does not 121 correlate with the logarithmic concentration in the surface layer ( Supplementary Fig. 5 ). Cu concentration is plotted against AOU, there is also a weak correlation (R 2 = 0.31, n = 138 77, Fig. 5 ). 139 In the case of Cd, the dissolved concentration is very low (~0.001 nmol kg −1 ) in 140 the surface layer because of biological uptake, and it is high in the deep layer (~1 nmol 141 kg −1 ) because of remineralisation from biogenic particles; it also increases along the 142 global deep circulation 3 . Because there is a significant correlation between Cd and 143 phosphate, the distribution of Cd is dominated by biogeochemical recycling. The 144 isotopic composition of Cd is heavier in surface seawater (ε 114/110 Cd = 10-40 with 145 respect to a JMC Cd Münster solution) than in deep seawater (ε 114/110 Cd = ~3) that is 146 almost uniform in the world ocean 18, 19, 20 . Biological uptake depletes the Cd 147 concentration and preferentially leaves isotopically heavy Cd in surface seawater. It is 148 suggested that Cd in a replenished surface seawater reservoir is originally characterised 149 by ε 114/110 Cd = ~3 and that this Cd is almost quantitatively transported by biogenic 150 sinking particles from the surface to depth and remineralised in deep water; thus, the Cd AOU. Copper is more strongly scavenged than other recycled-type trace metals such as 156 Cd 3, 5 . The scavenging is likely the reason that δ 65 Cu is heavy in the deep layer and 157 becomes heavier with the age of deep seawater. If this is true, 63 Box model for Cu in the modern ocean 166 We present a new box model for Cu based on both concentration and isotopic 167 composition ( Fig. 6 and Supplementary Table 2 ). This model assumes a steady-state for 168 the modern ocean. In this model, the global ocean is divided simply into a euphotic year −1 , which has been determined from 14 C data 23 . We assumed that the main inputs of 183 dissolved Cu to the ocean are riverine and atmospheric inputs. The reported riverine 184 input of dissolved Cu to the ocean among four studies 4, 8, 24, 25 was in the range of 185 6−9×10 8 mol year −1 , and the average value of 7.6×10 8 mol year −1 was applied to our 186 model. The removal rate of dissolved Cu from the ocean was estimated to be ~4.0 nmol 187 kg −1 year −1 by using a vertical advection diffusion model 4, 5 . By multiplying this value 188 by the total ocean volume (1.35×10 21 kg), the scavenging flux of Cu in the ocean was 189 estimated to be 5.4×10 9 mol year −1 . Riverine input δ 65 Cu was determined in rivers 190 worldwide; the rivers account for approximately one-quarter of all riverine discharge to 191 the ocean 8 . The discharge-weighted average of 0.68‰ of these rivers was used in our model. The δ 65 Cu of atmospheric input was assumed to be 0‰ because δ 65 Cu values are 193 ~0‰ for rainwater, leachable fractions of marine aerosols 11 , and loess 17 . It was assumed 194 that the δ 65 Cu of sinking particles (of mainly biogenic origin) from surface water was 195 the same as the δ 65 Cu of ambient surface seawater (i.e., 0.49‰), because isotopic We suggest that Fe-Mn oxides may be a major sink of Cu in the oxic ocean. 
258
We also constrained the atmospheric input of dissolved Cu to be 9.6×10 8 mol 259
year −1 . Our model suggests that the present atmospheric input of Cu is comparable to 260 the riverine input. A significant correlation was found between Cu and 210 Pb in surface 261 seawater, implying a strong atmospheric supply of Cu because 210 Pb is a tracer for 262 atmospheric input 4 . These authors estimated both the atmospheric and riverine Cu input 263 to be 6.0×10 8 mol year −1 , which is similar to our results. However, our value is significantly larger than the natural atmospheric input previously estimated at 5.4×10 7 265 mol year −1 , which was obtained by multiplying the total dust flux by the mean crustal The vertical profiles at all stations are shown in Supplementary Fig. 1 . Supplementary Figure 5 The correlation between δ 65 Cu and Cu concentration in the surface seawater (<100 m). Note that the horizontal axis is a logarithmic scale. 
Supplementary Methods

Intercalibration of seawater δ 65 Cu
We performed the intercalibration of δ 65 Cu with the ETH group using a seawater sample collected at a depth of 7145 m near the Japan Trench (TR17, 143.87°E, 37.81°N, bottom depth 7150 m). This sample was divided into 4 aliquots and analysed twice with both the methodology of the ETH group and our method. The obtained δ 65 Cu values were consistent between the ETH group and us, as shown in Supplementary Fig. 4 .
The ETH group pre-concentrated Cu from seawater using a co-precipitation technique with Al(OH)3. The detail of this technique is described in Zhao et al. (2014) 6 . The pre-concentrated metal fraction was purified twice using anion exchange chromatography, as described in Archer and Vance 
